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ABSTRACT 


A well-prepared abstract enables the reader to identify the basic content. This paper 
presents the solution of voltage fluctuations in urgent situations by providing 
voltage and reactive support from a distribution static synchronous 
compensator (DSTATCOM) in the grid. Also, it analyses the influences of 
DSTATCOM as a voltage controller and compares the system performance 
with and without DSTATCOM. The DSTATCOM is used in the study to 
maintain voltage in the microgrid (MG) to be around the rated value after 
Microgrid disturbance. A successful simulink model of the photovoltaic (PV) 
system and the proposed DSTATCOM are illustrated to work together as 
the Microgrid. Microgrids could provide unique resilience and reliability when 
the environment encountered with less water, higher temperatures, more frequent 
and harsh wildfires, and severe weather events. The proposed DSTATCOM was 
installed in different locations in the MG and the best location was chosen to 


achieve the goal of improved power quality and efficiency. In this paper, 
two scenarios are discussed with and without DSTATCOM. The simulation results 
show the difference between the MG with and without DSTATCOM and how 
the DSTATCOM can amplify power quality in the Microgrid. The proposed 
DSTATCOM has the capability to improve dampen power oscillations during 
transit events. 
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1. INTRODUCTION 

Electrical power normally is generated in a large power plant located far away outside of cities. 
Then, the power is transmitted to the distribution system through transmission lines. Distribution Network 
consists of lower- voltage lines, which deliver the energy from substations to the customers. 
Recently, renewable energy systems have become prominent in electrical energy markets. Several renewable 
energy sources, such as solar and wind energy, play an important role in energy production [1-2]. 
Many developed countries have impartially reliable power generation [3-4]. The customers may encounter 
voltage sags in supply power large loads supplies. Customers are cautious of such voltage sags because these 
interruptions cause them economic losses. Consequently, the customer’s request electricity with high power quality 
(PQ). Moreover, ED grids face transients such as voltage sags and swells and flickers. The MG has the possibility to 
solve issues arising from the generation penetration in distribution systems. Disturbances occur when the ideal system 
conditions change. 

Many researches have been done on the DSTATCOM. A DSTATCOM for unbalanced load compensation 
was introduced to make less space demand and lower noise generation. DSTATCOM performance of a load 
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compensator in steady and dynamic conditions for linear and nonlinear loads was presented [5]. Researchers 
compared the linear and nonlinear techniques of current regulation using a synchronous reference frame in 
DSTATCOM showing that in the nonlinear load case the THD in variable switching frame is lower than 
the fixed switching frame. The authors described and compared different PQ compensation devices like 
dynamic voltage restorer (DVR), SVC, and DSTATCOM to monitor and measure the power quality 
problems. A surveyed to solve power quality issues such as voltage flicker, voltage sag, and high harmonics 
has been made showing that the STATCOM can maintain great power quality in transmission and 
distribution grids. To improve power quality in distribution system with induction furnace loads many 
applications of DSTATCOM has been studied in [6-10] decreasing the current harmonics. To boost the 
power factor, the DSTATCOM has been used to provide reactive power compensation, voltage regulation, 
harmonics reduction, and power factor correction in the distribution system [11-13]. Controlling the voltage 
drop among the grid has been studied by several authors using renewable energy sources through injecting 
the reactive current into the grid [14-18]. 

This paper demonstrates the structure of DSTATCOM and its components. Also, it explains the working 
principals of the operation of DSTATCOM. The MG modelling is composed test feeder, PV system, and 
the DSTATCOM is showed in II. MATLAB/Simulink is used to verify the capability of DSTATCOM on 
improving power quality in the MG. The MG voltage issues is solved in III. Finally, the paper is concluded in IV. 


2. DSTATCOM MODELING 

The control system is crucial for DSTATCOM. In general, the control of the DSTATCOM 
is composed of four stages as shown in Figure 1. The first stage includes the measurement of the fundamental 
DC and AC currents and voltages using current transformers (CTs), potential transformers (PTs), and hall-effect 
sensors to collect data about the load and the system. Based on this data, in the second stage, methods like dq 
synchronous rotating axis transformation [19] and a-p stationary reference frame transformations [20] 
are used for decouple the real and reactive powers. Also, this stage generates the reference signal. The output 
voltage from the inverter is synchronized with the power grid voltage. The phase and frequency data of 
the essential positive sequence component of the grid voltage are collected by a phase locked loop (PLL). 
In the third stage, compensation commands are generated by using control techniques. The control 
methodology in this stage are classified into linear [21, 22], nonlinear [23] and special control methodologies [24-26]. 
In the fourth stage, the controller generates the gating signal for the solid-state devices of the VSC. 
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Figure 1. DSTATCOM block diagram control strategy 


When a static synchronous compensator (STATCOM) is used in distribution systems, it is called 
distribution static compensator (DSTATCOM). It is used with a grid that has low or medium voltage. 
Its main configuration is similar as STATCOM but with a few modifications. The DSTATCOM is used to 
regulate voltage at the point of common coupling (PCC). This section gives an introduction of 
the DSTATCOM and its working principles. Its applications and several configurations are explained by some 
examples [4]. The control strategies are also discussed in this chapter. Figure 2 shows the basic structure of 
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DSTATCOM. Figure 3 shows the components of DSTATCOM. The general configuration of DSTATCOM consists 
of the following components which are voltage source converter, energy storage device, coupling transformer, 
controller, L-C passive filter. 





Figure 2. DSTATCOM structure connected to the grid 
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Figure 3. DSTATCOM components 


3. RESULTS AND DISCUSSION 

This scetion will describe how to solve the voltage issues in an urgent situation by providing 
reactive support from the DSTATCOM in the microgrid. The proposed DSTATCOM was installed in different 
locations in the Microgrid and the best location was chosen for the purpose of improved power quality and efficiency. 
Also, the dynamic behavior and performance of DSTATCOM to improve power quality in microgrid are discussed. 
The proposed DSTATCOM has been validated in the MG for different situations. Dynamic simulations have 
been carried out using MATLAB/Simulink as shown in Figure 4 and based on the parameters mentioned in 
Table 1. In the simulation, it is assumed that the Microgrid is connected to the grid where the voltage at the 
substation is programmed to be | pu. Two scenarios discussed in this chapter with and without DSTATCOM, three 
buses have been chosen; the first bus (675) is the weakest bus. The second one (680) is connected to the PV system in 
order to see the impact of the distribution generation (PV system) on the MG for different situations and to see how 
the DSTATCOM can improve the power quality in the microgrid. The third one (650) is connected to the grid 
nearest to the substation to see the effects from MG on the main grid. 


Bulletin of Electr Eng & Inf, Vol. 9, No. 5, October 2020 : 1766 — 1773 


Bulletin of Electr Eng & Inf ISSN: 2302-9285 O 1769 


Table 1. Systems parameters 


Name Value 
Source Voltage 4.16 kV (1 PU) 
Nominal Power 3 MVAR 
DC link Capacitance (Cp ) 20000 pF 
DC link Capacitance (Cm) 20000 pF 
Capacitor Voltage (Vdc) 1700 V 
PV parameters 
Max. Power Module 315.07 W, 54.7V, 5.76 A 
Max Power For Two PVs 200 KW 
Irradiance 1000(W/m”) 
Temperature 25C 


Switching Power frequency (fsw ) 40 kHz 
Switching Control frequency (fsw ) 10 kHz 


MPPT Controller Based on the Perturb & Observe algorithm 
Microgrid Parameters Value 

Substation Voltage 115 KV 

Transformer! 5 MVA, (115/4.16)KV 

Transformed 0.5MVA, (4.16/0.48)KV 

Nominal source voltage (Vs) 4.16 KV (1pu) 

Nominal load power (PL and QL) 3.25 MW and 1.75MVar 

Frequency (fs) 60 Hz 
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Figure 4. System simulink scheme 


3.1. Scenario 1: microgrid w/o DSTATCOM in case of voltage sag and swell 

In this scenario, the voltage for the microgrid was programmed to be sag and swell in certain 
seconds to see the effects on the microgrid. This scenario explains and discusses the benefits of using 
DSTATCOM and how it recovers the voltage after transit. The voltage magnitudes and waveforms, total 
harmonic distortion, and active and reactive power for the weakest bus (650) for two cases w/o DSTATCOM 
are shown in Figure 5. In the first case (microgrid without DSTATCOM) and at time=0.4s, the sag voltage 
was programmed to be 0.8 pu at the substation to drop the Microgrid voltage as low as 0.8 pu for a period of 
0.2 seconds as shown in Figure 5. Then at t=1s the swell voltage was programmed to raise the voltage in the 
MG as high as 1.07 Pu for 0.2 seconds. After a while, at t=1.6s the sag voltage was programmed again for 
a period of 0.2 seconds to drop the voltage to be 0.92 pu. 
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Figure 5. Voltage, THD, and power, for MG without and with DSTATCOM in case of PV system tripped 
and reconnected in a certain period at bus 650, (a) Voltages at bus 650 without DSTATCOM, (b) Voltages at 
bus 650 with DSTATCOM, (c) THD at bus 650 without DSTATCOM, (d) THD at bus 650 with 
DSTATCOM, (e) Active and reative power at bus 650 without DSTATCOM, (f) Active and reactive power 
at bus 650 with DSTATCOM 


3.2. Scenario 2: microgrid w/o DSTATCOM in case of PV system is tripped or reconnected 

In this scenario, the impact of distribution generations on the Microgrid is discussed. The possible 
solution to solve problems that happens in the Microgrid after isolating and reconnecting the DG (PV) during 
a certain period is demonstrated. The voltage for the MG has been programmed to be | pu, and the PV 
system has been isolated at t=0.2s and reconnected at t=0.4s to see what effects the PV system will has on 
the MG. This scenario is discussed and elucidates the merits of using DSTATCOM and how it retrieves 
the voltage after a transit occurs. The voltage magnitudes and waveforms, total harmonic distortion, and 
active and reactive power for the weakest bus (680) for two cases with and without DSTATCOM are shown 
in Figure 6. Appendix A illustrates this scenario at bus 650 and bus 680. 

In the first case (microgrid without DSTATCOM), at t=0.2s, the PV is tripped from the microgrid, 
which means that 200 KW are isolated from the Microgrid. This isolation will make a significant transit in the 
microgrid voltage. This transit will continue for a period of around 0.2 seconds. After that time, the PV will return to 
connect at t=0.4, but now it will face a problem, which is that the voltage will be oscillating between 0.8-1.05 pu. 
The oscillating voltage will continue for a long period, as shown in Figure 6(a). These oscillating voltage and 
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transits will produce harmonics, which will have the main impact on the power quality. Figures 6(c and e) show 
the total harmonics distortion and active and reactive power, respectively. 

However, in the second case (microgrid with DSTATCOM), by connecting the proposed 
DSTATCOM to the microgrid, the DSTATCOM can supply reactive power to support the microgrid in 
the transit time. For instance, in this situation at t=0.2s when the PV is isolated from the Microgrid, there still 
is a small transit, but it is significantly less that in the first case. After t=0.4, the PV system is reconnected, 
and the voltage starts oscillating between 0.9-1.05 pu. The oscillating voltage will stop after t=0.6s, which 
is much more efficient than the case without DSTATCOM. Figures 6(a and b) compare voltages in pu for 
three-phase at bus 680, in cases with and without DSTATCOM. By mitigating the oscillation voltage, 
the total harmonics distortion will be reduced as shown in Figure 6(d). Improving the voltage waveforms 
and magnitudes and minimizing the harmonics has a great impact on reinforcing the power quality, efficiency 
and reliability in the microgrid. Figure 6(f) shows how the DSTATCOM has improved the active 
and reactive power. As shown in Table 2, each sag and swell has an impact on the voltage magnitudes 
and waveforms, which results in generating harmonics. This will affect the power quality of the whole 
system, as shown in Figure 5. 

In the second scenario, the proposed method can enhance the Microgrid voltage by providing 
and absorb reactive power. The device will recover the voltage to be at the accepted range between 
(0.94-1.06) pu based on IEEE standards. Table 3 shows that the DSTATCOM is recovering the voltage 
quickly, which eliminates THD by filtering the harmonics with transformer leakage reactance. 
Also, DSTATCOM has improved the Microgrid voltage resulting in power quality improvement. 
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Figure 6. Voltage, THD, and Power, for MG with and without DSTATCOM in case of PV system tripped 
and reconnected in a certain period at bus 680, (a) Voltages at bus 680 without DSTATCOM, (b) Voltages at 
bus 680 with DSTATCOM, (c) THD at bus 680 without DSTATCOM, (d) THD at bus 680 with 
DSTATCOM, (e) Active and reactive power at bus 680 without DSTATCOM, (f) Active and reactive power 
at bus 680 with DSTATCOM 
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Table 2. Voltage magnitudes for three-phase at bus 680 without DSTATCOM 
Programmed voltage Normal conditions I pu Voltage sag 0.8 pu Voltage swell 1.07 pu Voltage sag 0.92 pu 


Phase A Voltage (pu) 0.89 0.67 0.97 0.78 
Phase B Voltage (pu) 0.95 0.69 1.03 0.85 
Phase C 0.89 0.72 0.95 0.82 


Table 3. Voltage magnitudes for three phase at bus 680 with DSTATCOM 
Programmed voltage Normal conditions 1 pu Voltage sag 0.8 pu Voltage swell 1.07 pu Voltage sag 0.92 pu 


Phase A Voltage (pu) 0.95 0.89 0.97 0.95 

Phase B Voltage pu 1 0.93 1.04 0.96 

Phase C Voltage (pu) 0.94 0.9 0.98 0.94 
CONCLUSION 


A 48-pulse voltage source inverter based DSTATCOM and its application, especially its operation 


during sag, swell, and DG’s tripping and reconnecting during certain periods are presented in this thesis. 
To further understand and analyze DSTATCOM, the modeling of the IEEE 13-bus system, PV system, 
and the proposed DSTATCOM is studied. Validating the proposed DSTATCOM in different scenarios 
is carried out by using MATLAB/SIMULINK. The simulation results show the difference between 
the voltage in the Microgrid with and without DSTATCOM and demonstrate that the DSTATCOM can 
improve power quality in the Microgrid. It is shown that, by using the DSTATCOM, the power flow in 
the Microgrid can be managed, the total harmonics distortion can be alleviated, and the voltage profile 
can be regulated. 
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